Since the calculation of BR(B − → η ′ K − ) in the framework of QCD improved factorization method, developed by Beneke et al., leads to numerical values much below the experimental data, we include two different contributions, in an alternative way. First, we find out that the spectator hard-scattering mechanism increases the BR value with almost 50%, but the predictions depend on the combined singularities in the amplitude convolution. Secondly, by adding SUSY contributions to the Wilson coefficients, we come to a BR depending on three parameters, whose values are constrained by the experimental data.
Introduction
As a first evidence of a strong penguin, the B − → η ′ K − decay has become of a real interest after CLEO announced its large numerical value
+1.5 −1.4 ±0.9)×10 −5 [1] , which could not be explained by the existent theoretical models. As improved measurements followed, providing even larger values, (80 +10 −9 ±7) ×10 −6 (CLEO [2] ), (76.9 ±3.5 ±4.4) ×10 −6 (BaBar [3] ) and (79 +12 −11 ± 9) × 10 −6 (Belle [4] ), the inclusion of new contributions for accommodating these data has quickly become a real theoretical challenge. In this respect, perturbative QCD mechanisms [5] , with different η ′ g * g * vertex function [5, 6] , have been considered as main candidates for significantly increasing the BR(B − → η ′ K − ) value. On the other hand, while searching for physics beyond the Standard Model (SM), supersymmetry has been employed in processes like B → J/ψK * [7] , B → φK [8] , B → πK [9, 10] , B → X s γ [11] , and deviations from the SM predictions for the values of branching ratios and CP asymmetries have been the main targets.
The present paper is organized as follows: in Section 2, we compute the BR(B − → η ′ K − ) in the improved factorization approach developed by
Beneke et al. [12] . Since we get a BR much below the experimental values, we incorporate two alternative contributions. The first one, presented in Section 3, comes from the so-called spectator hard scattering mechanism.
Following a similar approach as in [13] , we give a detailed calculation of the gluonic transition form factor which plays an important role in the evaluation of this contribution. Although it has been concluded that this mechanism could provide large BR values [13] , we show that the presence of combined singularities in the amplitude convolution is a source of large uncertainties.
In Section 4, we employ a supersymmetric approach and include exchanges of gluino and squark with left-right squark mixing. Working in the mass insertion approximation [14] , the values of the Wilson coefficients c 8g and c 7γ
can be significantly increased, by adding the SUSY contributions, and this has a strong numerical impact in the branching ratio estimation. Finally, one may use the experimental data to impose constraints on the flavor changing SUSY parameter δ bs LR .
Improved QCD Factorisation
The relevant decay amplitude for B − → η ′ K − , in the improved QCD factorization approach [12] , is given by [5, 15] 
where X = η ′ K and Y = Kη ′ , p is summed over u and c, r
where C F = (N 2 c − 1)/2N c and N c = 3 is the number of colors. The vertex, the hard gluon exchange with the spectator and the penguin contributions, at µ = m b , are:
wherex = 1 − x,ȳ = 1 − y and the parameter 2µ M /m b coincides with r χ .
where s i = m As it can be noticed, except for the hard contribution where the wave functions for both M 1 and M 2 are involved, the coefficients a i are different for the X and Y final states, since they depend on the twist-2 and twist-3 wave functions of the M 2 meson. Thus, the twist-2 distribution amplitude φ K (x) has the following expansion in Gegenbauer polynomials [12, 16] 
The physical states η and η ′ are mixtures of SU(3)-singlet and octet components η 0 and η 8 and therefore the corresponding decay constants, in the two-angle mixing formalism, are given by
with
MeV, and f 0 = 157 MeV [17] . These lead to f u η ′ = 63.5 MeV, f s η ′ = 141 MeV and to the relevant form factor for the B → η ′ transition
Even though the η ′ flavor singlet meson has a gluonic content which could bring a contribution to the wave function, this is supposed to be small [18] and therefore we employ, in the calculation of
only the leading twist-2 distribution amplitude
Also, since the twist-3 quark-antiquark distribution amplitude do not contribute, due to the chirality conservation, the penguin parts in a Putting everything together, we get, within the SM improved factorization approach [12] , the numerical value
which although is in accordance with other theoretical estimations [5, 15, 17 ], yet lay below the experimental data [1] [2] [3] [4] . Hence, in spite of the "conservative" prediction that the conventional mechanism should be the dominant one, it has been getting clear that new contributions are needed in order to account for the existent data.
Spectator Hard-Scattering Mechanism
It has been considered that the spectator hard-scattering mechanism (SHSM), depicted in Figure 1 , is a reliable framework for this process, which significantly increases the value of BR(B → η ′ K) [5, 13] . Following this idea, let us write down the corresponding di-gluon exchange amplitude for the b quark decaying into an s quark and a hard gluon
in terms of the effective b → sg vertex [19] 
and the transition form factor [6]
The quark contribution to the η ′ g * g * vertex
will play an important role in the evaluation of the amplitude A hs . Performing the calculations in (9), we come to the following expression of the hard scattering amplitude:
With the gluon momenta
and neglecting, for the moment, both m 2 η ′ and m 2 K , the amplitude (14) becomes
where, for the dominant contribution coming from the insertion of the O 
In what it concerns the F (y, a) function, which is an essential input in the calculations, it can be first written as
and it comes, after algebraic computations, to the following form
where we have introduced the notation p 2 = Q 
where we have neglected m 2 K , the dominant term in (19) is:
On the other hand, by comparing the expressions in (20) , it clearly results that we are in the limit where |Q Comparing these results with the experimental data [1 − 3], we notice that they are still below the lowest limit. An alternative way which increases the BR and avoids the uncertainties coming from the combined singularities in the convolution (16), would presumably look more reliable.
SUSY Gluonic Dipole Contribution
Employing the Minimal Supersymmetric Standard Model (MSSM), we shall add to the effective SM Hamiltonian (1), the SUSY contribution
expressed in terms of the usual gluon and photon operators:
and of the Wilson coefficients [10, 20] c SU SY 8g
where
In the above expressions, x = m 
where c SU SY (m b ) have been evolved from M SU SY = mg down to the µ = m b scale, using the relations [10, 19] c SU SY 8g
We choose for mq the value mq = 500 GeV and write mg as mg = √ x mq and δ bs LR ≡ ρe iϕ . As the total branching ratio can be expressed in terms of three free parameters: x, ρ, ϕ, one is able to plot the BR total , in units of 10 
Concluding Remarks
At first, we have analyzed the B − → η ′ K decay and computed its branching ratio using the improved factorization method developed by Beneke al.
[12]. Since the obtained result, BR SM = 3.65 × 10 −5 , is much below the experimental data, [1] [2] [3] [4] , we have have added new contributions.
In this respect, the so-called spectator hard-scattering mechanism, which is depicted in Figure 1 , has allowed us to compute the amplitude in terms of the effective b → sg vertex and the transition form factor (11) 
